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ABSTRACT 
THE EVALUATION OF CHROMIUM PROPIONATE SUPPLEMENTATION ON 
INSULIN RESPONSIVENESS IN FINISHING STEERS AND ENERGY STATUS IN 
NEWLY WEANED STEER CALVES 
ZACHARY KIDD FOSTER SMITH 
 2015 
A series of experiments were conducted to evaluate the influence of supplemental dietary 
chromium (0 or 400 ppb) on insulin responsiveness in finishing steers (Exp 1. and Exp 
2.), and energy status in newly weaned steers upon introduction to the feedlot (Exp 3.). 
To evaluate insulin responsiveness, two models were used with finished steers of 
different ages: Exp 1. 12 steers; 24 mo old (BW=783 ± 29 kg); and Exp 2. 24 steers; 14 
mo old (BW=625 ± 24 kg). A jugular infusion of insulin (0.45 IU bovine insulin/ kg of 
BW0.75, INS) was pulse dosed 2 h post-prandial. A jugular infusion of PBS (SHAM) was 
included in Exp. 2. Blood samples were collected at -30, 120, 195, 255, and 315 min)\ 
relative to the morning feed delivery after 84 d (Exp 1.) and 86 d (Exp 2.) on test diets. 
No diet x time interactions were detected for any plasma metabolites in old or young 
steers. In Exp 2., INS effectively cleared plasma glucose (GLS). Diet had no impact on 
changes in GLS in Exp 2. Diet had no impact (P>0.20) on plasma concentrations of 
insulin in either experiment. In Exp 2., there tended (P=0.10) to be a diet x insulin 
interaction for post-infusion insulin levels. Insulin values were similar for all steers at 
(t195) and (t315) and elevated at (t255) for non-Cr fed steers subjected to INS. At t120, CrP 
caused greater (P<0.05) plasma urea-N (PUN) concentrations when compared to CON in 
xiii 
 
Exp 1. but not in Exp 2. Effects of Cr on PUN in Exp 1. may be due to improved insulin 
sensitivity affecting AA uptake in the peripheral tissue of old, heavy steers. In Exp 3., 
there were no diet x day interactions (P>0.20) for GLS, insulin, or PUN. The GLS and 
PUN levels were similar between diets (P>0.20). Insulin levels were higher (P<0.01) on 
d 12. There tended (P=0.12) to be a diet x day interaction for NEFA levels in Exp 3. The 
NEFA levels were similar (P>0.20) between diets on d 5 and higher (P<0.05) on d 12 in 
calves fed CrP. The shift in NEFA on d 12 coincided with a spike in insulin levels. Both 
events occurred at the time that NEG intake was approaching the acclimated plateau and 
neither event impacted glucose status. The effective use of chromium in feedlot diets is 
likely dictated by age dependent differences in insulin sensitivity, metabolite needs for 
growth, and the degree of stress that ultimately result in a chromium deficient state. 
Keywords: chromium, insulin, steers 
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CHAPTER ONE 
INTRODUCTION AND REVIEW OF LITERATURE 
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INTRODUCTION 
The trace mineral chromium (Cr) has long been recognized for its potential to aid 
in cellular uptake of glucose as well as amino acids in insulin sensitive tissues of non-
ruminants (Schwarz and Mertz, 1959; Vincent, 2000). Chromium enhances the insulin 
receptor (IR) so that it more favorably binds insulin which in turn promotes nutrient 
uptake by the cell. Many organic and inorganic forms of Cr have been assessed as a 
nutritional supplement in commercial livestock diets throughout the last 25 years. The 
use of supplemental Cr to cattle as chromium propionate (CrP) was approved by the Food 
and Drug Administration (FDA) in 2009. Supplementation of Cr to lactating dairy cows 
has consistently improved insulin responsiveness (Yang et al., 1996; Hayirli et al., 2001; 
Smith et al., 2005). In growing ruminants results of supplemental Cr on indicators of 
glucose metabolism, insulin sensitivity and growth performance have been inconsistent 
(Chang and Mowat, 1992; Moonie-Shageer and Mowat, 1993; Kegley and Spears, 1995; 
Bernhard et al., 2012a; Bernhard et al., 2012b; Spears et al., 2012).  
Fasting levels of insulin increase as ruminant animals become older (Radunz et al. 
2012) and as BW increases (Eisemann et al. 1997). Increased fasting insulin 
concentrations coupled with no changes in circulating glucose suggests insulin 
responsiveness decreases as beef cattle become older and heavier. It has also been 
demonstrated that excessive intake and increased adiposity negatively impact insulin 
responsiveness in ruminant animals (McCann et al., 1986; McCann and Reimers, 1986; 
Leiva et al., 2014). Decreased insulin responsiveness could potentially impact efficiency 
of cellular level nutrient uptake, resulting in decreased feed efficiency as cattle become 
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older, heavier and fatter. Under these circumstances, supplemental Cr may improve 
insulin responsiveness as beef cattle mature. 
The transition from suckling calf on the prairie to feeder calf in the feedlot is 
stressful. Transportation of beef cattle results in significant periods of feed and water 
deprivation, resulting in many days of sub-maintenance intake (Loerch and Fluharty, 
1999). Newly arrived feeder calves are often subject to a variety of other stressors such as 
weaning, comingling with other cattle and provided unfamiliar feed sources during the 
immediate days pre- and post-arrival at the feedlot (Loerch and Fluharty, 1999). Stress 
can result in tissue depletion and urinary excretion of Cr in man (Borel et al., 1984; 
Anderson et al., 1988). Under these conditions the reestablishment of Cr status achieved 
through Cr supplementation could potentially result in improved nutrient uptake and may 
allow calves to be less dependent upon catabolism of body fat to meet maintenance 
energy requirements.  
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REVIEW OF LITERATURE 
Pancreatic hormone involvement in glucose status  
The role of insulin in metabolism 
Insulin is an anabolic hormone that stimulates responses in muscle, adipose, and 
hepatic tissue (Harper, 1977). Binding of insulin to the insulin receptor complex (IR) 
plays an important role in carbohydrate metabolism, glycogen storage, fatty acid 
synthesis, amino acid uptake, and subsequent protein synthesis (Harper, 1977). Insulin is 
a small protein hormone composed of two poly peptide chains connected via a disulfide 
bond; this hormone is produced by the β-cells in the Islets of Langerhans in the pancreas.  
This pancreatic hormone functions in the periphery on insulin sensitive tissues and results 
in hypoglycemia. Insulin is released from the pancreas in response to elevated glucose 
levels, and stimulates cellular uptake of circulating metabolites. The action of insulin is 
dictated by the energy charge of the cell. In insulin sensitive tissues, glucose is absorbed 
through facilitated diffusion (Gould and Holman, 1993) via insulin-sensitive 
transmembrane glucose transporters (GLUT). Insulin is also critical for protein synthesis 
as it potentiates the uptake of amino acids needed for additional lean tissue accretion 
(Harper, 1977). Insulin also functions as a negative effector to enzymes required for 
glycogenolysis, lipolysis, and proteolysis. 
 There are many metabolic disorders attributed to improper insulin function. The 
two diseases primarily attributed to improper insulin function are insulin dependent 
diabetes mellitus (IDDM) and non-insulin dependent diabetes mellitus (NIDDM). The 
disease IDDM is characterized by inadequate production of functioning insulin. The lack 
5 
 
of functioning insulin is often due to no production of biologically active insulin via the 
pancreas. Individuals suffering from NIDDM do have the capacity to produce insulin. 
However, they often times are not responsive to insulin at the receptor level (Harper, 
1977). This is likely due to the production of antibodies that render the IR unable to bind 
to insulin. Both diseases result in hyperglycemia. The latter of the two, NIDDM, also 
results in elevated circulating insulin concentrations as the body tries to clear circulating 
glucose (Harper, 1977). 
Regulation of circulating metabolites via glucagon and insulin in non-ruminants and 
ruminants 
Glucagon is catabolic in nature as it functions to shuttle molecules stored in tissue 
into the blood stream during periods of starvation (Brockman, 1978). Insulin functions as 
a potent anabolic stimulant to increase uptake of metabolites into tissues clearing them 
from blood circulation following a meal (Brockman, 1978). The flux of these hormones 
affects glucose status during the post-absorptive state in non-ruminants. A post-prandial 
increase in insulin and glucagon has consistently been demonstrated in ruminants (Ross 
and Kitts, 1973; Evans et al., 1975). This action differs from non-ruminants where 
generally only insulin is elevated immediately following a meal (Brockman, 1978). For 
this reason, levels of circulating glucagon and insulin are poor indicators of changes in 
actual glucose status of ruminants (Ross and Kitts, 1973; Evans et al., 1975). Ruminants 
differ from non-ruminants in that they derive the majority of their energy from volatile 
fatty acids (VFA) produced via microbial fermentation in the rumen rather than from 
absorbed glucose. These large differences in metabolism relative to non-ruminants (i.e. 
the constant need for de novo glucose synthesis and no post-prandial increase in 
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circulating glucose) are likely the causes of variation in responses obtained in regards to 
insulin responsiveness data between the two classes of mammals (Brockman, 1978). 
These differences in the maintenance of glucose status suggest that caution should be 
used when interpreting blood metabolite responses during the post-absorptive state to 
similar treatments applied to non-ruminants and ruminants.  
Chromium  
Minerals are essential to numerous digestive, metabolic and physiological 
processes in mammals (NRC, 1997; NRC, 1996). The trace mineral Cr functions as an 
antioxidant capable of reducing free radicals and could potentially prove beneficial 
during periods of oxidative stress (Onderci et al. 2002; NRC, 1997). Chromium has also 
long been recognized for its potential to aid in cellular uptake of glucose in insulin 
sensitive tissues of non-ruminants (Schwarz and Mertz, 1959). Chromium deficiency has 
been linked to retarded growth rate in pigs via problems arising from decreased 
carbohydrate and protein metabolism (Lindemann, 1995). Inorganic Cr as: CrCl3 in 
addition to many forms of organic Cr as: Cr methionine, Cr nicotinic acid complex, Cr 
picolinate, Cr propionate and high-Cr yeast have been evaluated in ruminant diets. 
However, results of Cr in commercial ruminant diets have varied (Chang and Mowat, 
1992; Moonie-Shageer and Mowat, 1993; Kegley and Spears, 1995; Yang et al., 1996; 
Swanson et al., 2000;  Hayirli et al., 2001; Pollard et al., 2002; Smith et al., 2005; 
Bernhard et al., 2012a; Bernhard et al., 2012b; Spears et al., 2012). 
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History and Function of Chromium 
The bioavailability of Cr in most feedstuffs is low (Spears, 1999). However, 
throughout much of the 20th century diets were thought to contain adequate levels of Cr. 
As noted previously, this micronutrient is essential for proper carbohydrate metabolism. 
Early studies indicate that Cr affects glucose tolerance factor and aids in potentiating the 
action of insulin and subsequent glucose uptake at the cellular level (Schwarz and Mertz, 
1959).  However, more recent data from (Vincent, 2000) suggest that Cr affects nutrient 
metabolism via chromodulin.  
Chromodulin also known as low-molecular-weight chromium-binding substance 
(Clodfelder et al., 2001) is a short chain polypeptide containing the amino acids: glycine, 
cysteine, aspartate and glutamate (Vincent, 2000). Arrangement of amino acid residues in 
this oligopeptide aid in functionality of this peptide in potentiating metabolite uptake by 
cells of insulin sensitive tissues. Sun et al. (2000) reported that apochromodulin binds 
chromic ions with a very high affinity (K≈1021, at physiological pH), and subsequently 
forms holochromodulin. Holochromodulin then binds to the intracellular tyrosine kinase 
domains of the IR and improves metabolite uptake by enhancing the ability of the IR to 
bind to circulating insulin (Vincent, 2000). The influence of supplemental Cr on 
prolonging phosphorylation of intracellular proteins results in improved insulin 
responsiveness in cells of insulin sensitive tissues. 
Chromium supplementation on glucose and insulin kinetics 
The supplementation of Cr to early lactating dairy cows has consistently 
improved insulin responsiveness (Yang et al., 1996; Hayirli et al., 2001; Smith et al., 
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2005). In young, growing ruminants results of supplemental Cr on indicators of glucose 
metabolism and insulin sensitivity have been inconclusive (Bunting et al., 1994; 
Kitchalong et al., 1995; Kegley and Spears, 1995; Bernhard et al., 2012a; Spears et al., 
2012). Feeding Cr picolinate to ruminating calves (Bunting et al., 1994) and growing pigs 
(Amoikon et al., 1995) resulted in increased glucose clearance following an i.v. infusion 
of glucose or insulin. Supplementation of Cr as CrP for 56 d in steers resulted in elevated 
serum glucose levels relative to control following an i.v. infusion of insulin that occurred 
6 h post-prandial (Bernhard et al., 2012a). Bernhard et al. (2012a) also indicated that 
supplementation of Cr as CrP resulted in elevated insulin concentrations and no change in 
serum glucose concentrations relative to control following an i.v. infusion of glucose that 
occurred 1 h post-prandial. In contrast, it has been demonstrated by Spears et al. (2012) 
that insulin concentrations were less for CrP supplemented heifers following an i.v. 
glucose infusion that occured 1 h post-prandial. This coupled with no changes in glucose 
clearance rates relative to control, suggest that CrP supplemented heifers were more 
sensitive to endogenous insulin (Spears et al., 2012).  
The mode of action in which Cr auto-amplifies the insulin receptor could 
potentially improve insulin responsiveness as beef cattle mature. Differences in 
metabolite responses to supplemental Cr could be due to age dependent differences in 
insulin sensitivity. Responses may also be influenced by differences in demand for 
metabolites to support lean tissue accretion between mature and young animals. The lack 
of continuity reported in studies supplementing Cr to ruminants is likely due to 
differences in stress that result in a Cr deficient state, potential for lean tissue accretion, 
as well as the supply and demand of metabolites for growth or production. 
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Insulin resistance in ruminants 
It has been demonstrated in beef cattle that fasting levels of insulin increase as 
animals become older (Radunz et al., 2012) and as BW increases (Eisemann et al., 1997). 
In cattle, insulin responses to an i.v. glucose challenge were compared in obese versus 
lean heifers. Serum insulin levels were greater in obese heifers both pre-infusion as well 
as post-infusion, and glucose clearance rates were not different between groups following 
an i.v. glucose infusion, indicating basal hyperinsulinemia existed in obese heifers 
(McCann and Reimers, 1986). It has also been suggested by McCann and Reimers (1986) 
that basal hyperinsulinemia is correlated to degree of obesity. McCann et al. (1986) 
demonstrated that the pancreas of obese ewes produced and presented greater amounts of 
insulin to the portal vein. Obese ewes also showed greater resistance to insulin (McCann 
et al., 1986). Bergmann et al. (1989) fed ewes the same basal diet at maintenance intake 
or with ad libitum access to feed, allowing for lean and obese populations, respectively. 
Lean and obese groups differed in whole body use of insulin. Obese ewes exhibited 
hyperinsulinemia when compared to their lean counterparts and were slightly 
hyperglycemic. Elevated insulin concentrations without an increased glucose clearance 
rate suggests that obese ewes had significantly greater insulin resistance (Bergman et al., 
1989). 
Collectively, this literature indicates insulin responsiveness decreases as ruminant 
animals become fatter, older and heavier. If insulin responsiveness decreases as beef 
cattle become fatter, older, and heavier then differences in gain efficiency between 
yearling and calf-feds could partially be attributed to differences in insulin sensitivity 
impacting efficiency of cellular level metabolite uptake. The discovery of new and novel 
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mechanisms that potentiate improvement in feed efficiency in this class of cattle would 
be beneficial to beef production. 
Chromium supplementation on health and energy status  
The transition from suckling calf to feeder calf in the feedlot is stressful. Loerch 
and Fluharty (1999) indicated that transportation and weaning of beef cattle results in 
significant periods of feed and water deprivation, resulting in many days of sub-
maintenance intake while calves acclimate. Stressful situations can result in a Cr deficient 
state (Borel et al., 1984; Anderson et al., 1988). Chromium enhances the IR so that it 
more favorably binds insulin which in turn promotes nutrient uptake by the cell. Loerch 
and Fluharty (1999) have also demonstrated that highly stressed, nutritionally 
compromised calves are at a greater risk of develop shipping fever or bovine respiratory 
disease complex (BRD). These respiratory diseases are the root cause to most incidences 
of morbidity in newly received feeder calves (Church and Radostits, 1981).  
Much research shows the importance of mitigating stressors and allowing calves 
to consume adequate DMI during the initial receiving phase is key to overall health and 
profitability throughout the feedlot cycle (Loerch and Fluharty, 1999; Carroll and 
Forsberg, 2007; Johnson et al., 2013). The search for novel mechanisms to mitigate cases 
of morbidity at the cellular level and without the use of metaphylactic antimicrobial 
treatment is an area of future research that deserves a great deal of attention. Under these 
stressful conditions the reestablishment of Cr status achieved through Cr supplementation 
could potentially result in improved nutrient uptake and may allow calves to be less 
dependent upon catabolism of body fat to maintain a positive energy balance. 
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The effects of dietary Cr on incidences of morbidity in feedlot feeder calves have 
been highly variable. When supplementing Cr as high-Cr yeast to calves subject to the 
stress of transportation, Cr did not decrease incidences of morbidity, but did increase 
ADG by 30 % and feed efficiency by 27 % during the initial 28 d following arrival to the 
feedlot relative to controls (Chang and Mowat, 1992). In non-stressed steers 
supplemented with Cr as: CrCl3 (inorganic), high-Cr yeast (organic), or Cr nicotinic acid 
complex (organic), Kegley and Spears (1995) reported no differences in performance or 
morbidity relative to controls. They did, however, demonstrate greater immune responses 
to a phytohemagglutinin challenge following 56 d of supplementation when using Cr as 
high-Cr yeast. Moonsie-Shageer and Mowat, (1993) reported decreased morbidity when 
supplementing Cr as high-Cr yeast in stressed steers along with increased ADG and DMI. 
It has also been demonstrated in non-stressed steers that supplementing increasing 
concentrations of Cr as CrP during the feedlot receiving period was associated with a 
linear decrease in morbidity and linearly increased ADG and DMI (Bernhard et al., 
2012b).  
Elevated circulating concentrations of NEFA are an indicator of lipid catabolism. 
Hayirli et al. (2001) demonstrated that the use of supplemental Cr in transition dairy cows 
subject to the stress of gestation, parturition, and early lactation resulted in lower post-
prandial NEFA concentrations. In sheep Gentry et al. (1999) demonstrated that non-
stressed, Cr supplemented wethers had lower post-prandial plasma NEFA concentrations 
when compared to control. In non-stressed growing steers Bernhard et al. (2012a) 
demonstrated that serum NEFA concentrations following an i.v. glucose and insulin 
challenge were lower for steers supplemented with CrP. These data indicate that Cr 
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supplemented ruminants could potentially be less dependent upon catabolism of body fat 
to maintain energy status.  
Discrepancies in results of studies supplementing Cr in commercial cattle diets 
may be due to bio-availability of Cr sources used (i.e. inorganic vs. organic). Another 
factor may be differences in the degree of stress, the degree of Cr deficiency and the 
status of metabolite demand. The potential for beneficial effects from supplemental Cr in 
times of stress are possible, yet this previous body of literature suggests that responses 
are highly variable in non-stressful situations. 
Chromium supplementation on live production variables 
 Chromium deficiency has been linked to retarded growth rate via problems 
arising from decreased carbohydrate and protein metabolism (Lindemann, 1995). Gain 
and feed efficiency in feedlot cattle are highly influenced by DMI and energetic 
efficiency of gain (NRC, 1996). The influence of Cr supplementation on growth rate and 
efficiency in meat producing animals has been highly variable. Chromium inclusion 
improves: ADG and DMI in nursery pigs (van Heugten and Spears, 1997), ADG in 
growing pig diets (Page et al., 1993) and G:F in broilers (Kim et al., 1995). 
The use of Cr in cattle diets has consistently improved DMI and milk production 
in dairy cows (Yang et al., 1996; Hayirli et al., 2001; Smith et al., 2005). In non-stressed 
steers supplemented with different bioavailable forms of Cr, Kegley and Spears (1995) 
detected no difference in performance relative to Controls. In limit-fed, non-stressed 
growing beef steers supplemented with Cr as high-Cr yeast Swanson et al. (2000) 
demonstrated no differences in ADG or G:F. Results of supplemental Cr in finishing 
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cattle diets are limited. Feeding supplemental Cr as high-Cr yeast to finishing steers 
resulted in decreased gain-to-feed ratio (Pollard et al., 2002). This body of previous 
research indicates that live production variables in ruminants under high stress situations 
such as the initial receiving phase or early lactation could potentially benefit from 
supplemental Cr. 
This body of previous literature suggests that insulin responsiveness decreases as 
cattle become older. Additionally, stressful situations result in depletion of body Cr 
stores. The use of Cr in commercial cattle diets is likely most beneficial in older animals 
such as lactating dairy cows, the effective use of Cr in receiving diets is potentially 
influenced by degree of stress, as well as previous Cr status of the feeder calf. 
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CHAPTER TWO 
EVALUATION OF CHROMIUM PROPIONATE SUPPLEMENTATION ON 
INSULIN RESPONSIVENESS IN FINISHING STEERS 
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INTRODUCTION 
Chromium has long been recognized for its potential to aid in cellular uptake of 
glucose as well as amino acids in insulin sensitive tissues of non-ruminants. Chromium 
enhances the insulin receptor so that it more favorably binds insulin, which in turn 
promotes nutrient uptake by the cell (Vincent, 2000). Fasting levels of insulin increase as 
ruminant animals become older (Radunz et al. 2012) and as BW increases (Eisemann et 
al. 1997). Increased fasting insulin concentrations coupled with no changes in circulating 
glucose suggest that insulin responsiveness decreases as beef cattle become older and 
heavier. It has also been demonstrated that excessive intake and obesity negatively 
impact insulin responsiveness in ruminant animals (McCann et al., 1986; McCann and 
Reimers, 1986; Leiva et al., 2014). Decreased insulin responsiveness could potentially 
impact efficiency of cellular level nutrient uptake, resulting in decreased feed efficiency 
as cattle become older, heavier and fatter. Under these circumstances, supplemental Cr 
may improve insulin responsiveness as beef cattle mature. The objective of this study was 
to determine the influence of chromium propionate on insulin responsiveness in finishing 
steers approaching harvest. 
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MATERIALS AND METHODS 
 These experiments were conducted at the Ruminant Nutrition Center (RNC) from 
December 2013 through May 2014. All experimental procedures used in this study were 
approved by the South Dakota State University Institutional Animal Care and Use 
Committee. 
Treatments 
 Two experiments were conducted to evaluate the influence of Cr 
supplementation on insulin responsiveness in finishing steers by performing an i.v. 
insulin challenge to pen fed steers. The two models were feedlot steers of different ages. 
Exp 1.: Old steers (n=12; initial BW=661 ± 18 kg); and Exp 2.: Young steers (n=44; 
initial BW=466 ± 2 kg). The 2 dietary treatments applied in both experiments included: 0 
ppb added Cr (CON); or 400 ppb added Cr (CrP) as chromium propionate (KemTRACE 
0.4% Chromium Propionate).  
Diets 
For Cr inclusion, chromium propionate was added to a meal supplement in Exp 1. 
(Table 2-1) and to a pelleted supplement in Exp 2. (Table 2-2). In Exp 1. the roughage 
source from d 1 to d 39 was sorghum silage that was replaced by corn silage for the 
remainder of the study. The finishing diet was formulated to be 12.3 % CP (Table 2-3). In 
Exp 2. the roughage source for 1 to 77 d was corn silage that was replaced by sorghum 
silage for the remainder of the study. This finishing diet was formulated to be 13.5% CP 
(Table 2-4). In each experiment the supplements were fortified with vitamins and 
minerals to meet or exceed NRC requirements (NRC, 1996) for finishing steers and to 
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provide monensin (29 g/T in the complete diet). Diets were mixed with a reel type mixer. 
Steers were fed twice daily, offering ad libitum access to feed, with feed deliveries 
managed using slick bunk management. Orts were collected, weighed and tested for DM 
content if carryover feed went out of condition. Individual feed ingredients were sampled 
weekly and analyzed for DM (AOAC, 1990), CP (AOAC, 1984), NDF and ADF(Goering 
and Van Soest, 1970), and ash (AOAC, 1990) throughout the feeding period of each 
experiment. Actual diet composition was calculated based upon feed ingredient inclusion 
rates and assayed values for each ingredient. 
Cattle 
Exp 1. Continental x English cross steers available at the RNC were used in this 
study. Steers were estimated to be 24 mo old (n=12; BW=783 ± 29 kg) when insulin 
challenges occurred. Steers had been exhibited as market weight, finished steers at the 
South Dakota State Fair 3 mo prior to test diet initiation and 6 mo prior to the insulin 
challenges. Steers were allotted to 1 of 2 pens (6 steers/pen; 1 pen/diet). All steers were 
weighed in the morning before feed was delivered at treatment initiation and again at the 
time of the insulin challenge (Table 2-5). Due to the size of these steers no growth 
enhancing technologies (GET) were used. 
Exp 2. The younger steers were predominately Angus (n=44) that were available 
at the RNC; steers were approximately 14 mo old when insulin challenges occurred. 
Because of a bi-modal distribution of BW in this population, steers were separated into 2 
body weight categories (light n=16, BW=457 ± 9 kg; and heavy n=28, BW=489 ± 9 kg). 
Steers from the light BW group were allotted to 1 of 2 pens (1 pen/diet) and steers from 
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the heavy BW group were allotted to 1 of 4 pens (2 pens/diet). Subsequent body weights 
were recorded before morning feed deliveries after 24, 52, 80, and 93 d on feed. 
Cumulative steer performance was calculated on a shrunk BW basis (3 % shrink) and a 
carcass adjusted final BW basis (HCW/0.625; Table 2-6). Steers were implanted with 
Revalor-S™ on d 24. One steer was removed from the study at d 59 because of musculo-
skeletal issues not related to treatment. This steer was presumed to have consumed the 
average daily DMI of his home pen prior to removal from the study.  
Intravenous Insulin Challenge  
The i.v. insulin challenge was accomplished by administering a pulse dose jugular 
infusion of insulin (0.45 IU bovine insulin/ kg of BW0.75). The insulin infusate (2.5 
IU/mL) was prepared under aseptic conditions using sterile PBS that contained 1% w/v 
of BSA (Sigma-Aldrich, St. Louis MO) and bovine insulin (Cat # I1882, Sigma-Aldrich, 
St. Louis MO). A sham jugular infusion of PBS (SHAM) was included in Exp 2. for 
controls. Insulin challenges occurred 120 min after access to feed, 7 d prior to harvest. At 
the time of the insulin challenges steers had been on test diets with supplemental CrP for 
84 d (Exp 1.) and 86 d (Exp 2.). Blood samples were collected at (-30, 120, 195, 255, and 
315 min) relative to their morning feed delivery using a 20 mL syringe and 2.54 cm 16 ga 
needle. This sample was aliquoted (n=2) into evacuated tubes for various metabolite 
analyses. For insulin and PUN quantification; 7 mL of whole blood was dispensed into a 
K3EDTA glass tube. For glucose analysis, 7 mL of whole blood was dispensed into NaFl 
and K2C2 O4 glass evacuated tubes. Plasma was separated from whole blood by 
centrifugation at 2,000 x g for 20 min at 4ºC. Plasma was stored in 12 x 75 mm 
borosilicate glass tubes at -20ºC.  
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Plasma analyses  
Plasma glucose (GLS) concentrations were determined via glucose oxidase 
procedure utilizing a commercial kit per the manufacturer’s instructions (Autokit 
Glucose; Wako Diagnostics, Richmond, VA). The standard curve constructed for the 
GLS assay was 0 to 125 mg/dL. The sensitivity of this glucose oxidase assay was 1 
mg/dL. All samples were measured in triplicate using 20 µL of plasma; and allowing 5% 
variation between high and low replicate determinations. 
Plasma insulin concentrations were determined via RIA using a commercially 
available Porcine Insulin RIA kit (Cat # PI-12K; Millipore, Inc., St. Charles, MO). 
Bovine insulin (Sigma I5500; Sigma-Aldrich Inc.) was used as the standard. The total 
binding was 60 %. The detectable range for the insulin assay was from 3.125 to 200 
µU∙mL-1. The sensitivity for the insulin RIA was 1.611 µU∙mL-1. All samples were 
measured in duplicate using 100 µL aliquots of plasma; Intrassay CV for the insulin 
assay was 8.16% and interassay CV was 9.71%. 
Plasma urea nitrogen (PUN) concentrations were determined by a method 
originally described by Fawcett and Scott (1960) using sodium phenate and sodium 
hypochlorite. The standard curve constructed for the PUN assay was 0 to 20 mg/dL. All 
samples were measured in triplicate using 20 µL of plasma; and allowing 5% variation 
between high and low replicate determinations. 
Carcass Data 
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Carcass data were not collected in Exp 1. In Exp 2. slaughter occurred in the 
morning at a commercial beef abattoir (Tyson Fresh Meats Inc., Dakota City, NE). 
Individual cattle identity was tracked through the slaughter process. Carcass data were 
captured approximately 24 h after slaughter by the video image technology used by the 
packer. Variables measured included HCW, subcutaneous rib fat, LM area, KPH, and 
marbling scores. Carcass data were not captured on one steer. 
Statistical analysis 
Data in Exp 1. were analyzed by PROC MIXED procedure of SAS (SAS Inst. 
Inc., Cary, NC) specific for repeated measures, with the main effects of diet, time and 
diet x time, and the repeated statement included individual steer. The covariant structure 
used in Exp 1. was compound symmetry (Littell et al., 1998). Pre-infusion plasma 
glucose in addition to pre and post-infusion concentrations of PUN and plasma insulin in 
Exp 2. were analyzed as a RCB by PROC GLM procedure of SAS (SAS Inst. Inc., Cary, 
NC) as a 2x2 factorial analysis with repeated measures over time. The statistical model 
included Diet (CON or CrP), Insulin (SHAM or INS) and time as well as their 
interactions. Post-infusion plasma glucose concentrations in Exp 2. were analyzed as a 
RCB by PROC GLM procedure of SAS (SAS Inst. Inc., Cary, NC) as a 2x2 factorial 
analysis based upon changes in circulating concentrations of glucose at each time point. 
This was due to elevated pre-feeding plasma glucose concentrations for CrP steers that 
would eventually be subjected to exogenous insulin at t120. The statistical model for 
evaluation of post-infusion changes of plasma glucose in Exp 2. included Diet (CON or 
CrP) and Insulin (SHAM or INS). In both experiments pre-infusion (t-30 to t120) and post-
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infusion (t195, t255 and t315) data were analyzed separately and steer served as the 
experimental unit.  
These studies were not designed to test animal performance responses to 
treatment. However, animal performance was noted and analyzed to provide context to 
blood variables responses. In Exp 1. actual pen based performance is presented. 
Statistical parameters for steer performance in Exp 2. were generated using the PROC 
GLM model of SAS (SAS Inst. Inc., Cary, NC) for a RCB design with main effects of 
diet: (CON or CrP) and body weight block (Light and Heavy). Pen was the experimental 
unit for steer performance data. For carcass characteristics analysis in Exp 2. the same 
statistical parameters generated for steer performance were used except individual steer 
served as the experimental unit. 
RESULTS AND DISCUSSION 
Performance 
The foci of these experiments were to evaluate plasma constituents in response to 
an insulin challenge during the fed state in steers provided test diets of Control or 
chromium propionate. To provide context, steer performance is included for 
consideration. All live steer performance variables in Exp 1. and Exp 2. were within the 
normal ranges expected of their respective class of cattle (Table 2-5 and 2-6). 
The intent behind pen feeding and subsequent sampling and infusion at 2 h after 
feeding was to allow steers to exhibit intake behavior typical of feedlot conditions. Daily 
intakes were 10.88 kg hd-1 ∙ d-1 (Exp 1.) and 10.66 kg hd-1 ∙ d-1 (Exp 2.) for the 7 d prior to 
infusions. There were no pen basis reductions in intake observed in the 4 d period post-
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infusion, which supports the presumption that we were able to do these tests during 
normal feed intake patterns. 
Carcass traits 
The influence of supplemental Cr on carcass characteristics in finishing steers is 
limited. Bohrer et al. (2014) reported no differences in carcass traits when supplementing 
Cr as Cr propionate to finishing steers. In Exp 2. dressing percent, HCW, LM area, ribfat 
depth, KPH %, marbling, empty body fat (EBF) %, and Yield Grade were similar (P 
>0.20) between diets (Table 2-7).  
Plasma Glucose 
No diet x time interactions were detected for plasma concentrations of GLS in 
either experiment. In Exp 1. plasma concentrations of GLS did not change (P >0.20) 
from pre-feeding to 2 h after feed delivery (t-30 to t120). The insulin infusion occurred at 
t120 and plasma GLS decreased (P <0.05) from 74 mg∙dL
-1 to 54 mg∙dL-1 in the 75 min 
period following insulin infusion (Figure 2-1). The magnitude of this response was 
similar across Cr treatments. In the young steers (Exp 2.) GLS concentrations decreased 
(P <0.05) from pre-feeding to 2 h after feed delivery (t-30 to t120; Table 2-8). Exogenous 
insulin effectively decreased plasma concentrations of GLS in the young steers of Exp 2. 
In the absence of exogenous insulin plasma GLS concentrations increased during the time 
t120 to t195. This resulted in a 15 mg∙dL
-1 lower (P <0.05; Figure 2-2) GLS concentration 
at 75 min post-infusion (t195) for INS. Diet had no impact on changes in plasma 
concentrations of GLS in the young steers following the i.v. insulin infusion. 
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It is unclear why GLS remained constant from before feeding to 2 h after feeding 
in the old steers, but decreased (P <0.05) during this window in the young steers. This 
may be due to differences in de novo synthesis of glucose before their morning feed 
delivery relative to metabolic demands for growth in old versus young steers. 
Plasma insulin 
No diet x time interaction were detected for plasma concentrations of insulin in 
either experiment. There was a significant effect of time (P <0.05) on plasma insulin 
concentrations post-infusion of insulin in Exp 1. Post-insulin infusion the greatest values 
for circulating concentrations of insulin were observed at 75 min post-infusion and 
declined through t255 and t315. Chromium had no impact (P >0.20) on plasma insulin 
concentrations in the old steers of Exp 1. (Figure 2-3). In Exp 2., plasma insulin levels 
tended (P <0.10) to be elevated by the jugular infusion INS post infusion (36 vs. 44 ± 3.2 
µU∙mL-1; Figure 2-4). Chromium did not cause any differences (P >0.20) in plasma 
insulin concentrations in these young steers (Figure 2-4). There tended (P =0.10) to be a 
diet x insulin infusion interaction post-infusion in Exp 2. Plasma insulin concentrations 
were similar for all steers at (t195) and (t315) and elevated at (t255) for steers fed the control 
diet and subjected to INS. Bernhard et al. (2012a) reported no differences for insulin 
concentrations in growing steers supplemented with Cr following an i.v. infusion of 
insulin.  
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Plasma urea nitrogen 
No diet x time interactions were detected for PUN concentrations in either 
experiment. At 2 h following feeding (t120), CrP caused higher (P <0.05) PUN 
concentrations when compared to CON in the older steers of Exp 1. (Figure 2-5). The 
greater PUN levels in older steers persisted (P <0.05) post-insulin infusion. In Exp 2. the 
PUN concentrations were not affected (P >0.20) by CrP pre- or post-insulin infusion 
(Figure 2-6). Chromium effects on PUN in Exp 1. may be due to improved insulin 
sensitivity affecting amino acid uptake in the peripheral tissue of old, heavy steers. 
Pollard et al. (2001) demonstrated that serum obtained from steers supplemented with Cr 
as high-Cr yeast increased amino acid uptake by primary bovine myoblasts in a cell 
culture model. Increased amino acid uptake by muscle cells lacking the capacity (i.e. age 
and size) or potential (i.e. no GET used) for additional lean tissue accretion could result 
in an excess of intracellular free amino acids. Catabolism of those excess intracellular 
amino acids in the muscle tissue of old steers would eventually lead to higher PUN 
concentrations. 
IMPLICATIONS 
 These data indicate that plasma metabolites in 24 mo old and 14 mo old steers 
may respond differently to Cr supplementation and to an INS challenge in the fed state. 
Differences in metabolite responses to supplemental Cr may be due to age dependent 
differences in insulin sensitivity. Responses may also be influenced by differences in 
demand for metabolites to support lean tissue accretion between old and young steers (i.e. 
whether there is a storage sink for metabolites). These differences in age and growth 
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potential could be critical to the interpretation of responses obtained by an insulin 
challenge. 
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Table 2-1. Formula for meal supplement batches in Exp 1.1 
   Kilograms  
Ingredient  Control Chromium Propionate 
Canola meal 140.6 138.0 
Potassium chloride 135.1 135.1 
Trace mineralized salt 81.2 81.2 
Limestone 471.2 471.2 
Urea 67.6 67.6 
Ground corn 5.9 5.9 
Microingredients2 5.4 5.4 
Chromium propionate3 - 2.6 
1 As is basis. 
2 Contained monensin: 832 g, vitamins A & E, ZnSO4 and CuSO4.  
3 KemTRACE 0.4% Chromium Propionate. 
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Table 2-2. Formula for pelleted supplement batches in Exp 2.1 
  Kilograms  
Ingredient  Control Chromium Propionate  
Wheat middlings 453.5 453.5 
Ground corn 453.5 449.4 
Chromium propionate2 - 4.1 
1 As is basis. 
2 KemTRACE 0.4% Chromium Propionate. 
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Table 2-3. Diet formulations and compositions Exp 1.1,2  
Basal Diet 
Item    %  Sd
3         % Sd 
1 to 39d       
Sorghum Silage 9.91 0.28 DM 71.1 1.10 
Dry Rolled Corn 69.51 0.39 CP 12.6 0.22 
Dried Distillers 17.09 0.30 NDF 11.8 0.17 
Meal Supplement4 3.49 0.04 ADF 7.4 0.69 
               Ash 6.0 0.06 
      
   Monensin, g/T 31  
   NEG, Mcal/kg 1.35  
      
40 to 85d       
Corn Silage 11.65 0.49 DM 76.3 0.56 
Dry Rolled Corn 68.14 0.47 CP 12.2 0.13 
Dried Distillers 16.83 0.14 NDF 10.3 0.53 
Meal Supplement4 3.38 0.03 ADF 5.1 0.65 
   Ash 5.0 0.08 
      
   Monensin, g/T 30  
   NEG, Mcal/kg          1.36  
      
1 All values except DM on DM basis. 
2 Based on weekly ingredient analyses. 
3 Standard deviation. 
4Supplements contained monensin and provided minerals and vitamins to meet or 
exceed NRC requirements (Table 2-1). 
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Table 2-4. Diet formulations and compositions Exp 2.1,2 
               Basal Diet 
Item    %  Sd
3         %   Sd 
1 to 77d       
Corn Silage 12.50 0.59 DM 71.3 0.82 
Dry Rolled Corn 43.49 0.67 CP 13.3 0.12 
High Moisture Corn 24.53 0.92 NDF 9.5 0.43 
Dried Distillers 13.24 0.14 ADF 4.1 0.60 
Suspended Supp.4 4.32 0.05 Ash 2.1 0.09 
Pelleted Supplement5  1.92 0.04    
   Monensin, g/T  29  
   NEG, Mcal/kg 1.39  
      
78 to 93d       
Sorghum Silage 9.71 0.40 DM 66.5 1.77 
Dry Rolled Corn 45.84 1.37 CP 13.2 0.41 
High Moisture Corn 24.83 1.52 NDF 10.6 0.20 
Dried Distillers 13.36 0.38 ADF 5.5 0.44 
Suspended Supp.4 4.33 0.12 Ash 2.7 0.11 
Pelleted Supplement5  1.93 0.06    
   Monensin, g/T 29  
   NEG, Mcal/kg          1.38  
      
1 All values except DM on DM basis. 
2 Based on weekly ingredient analyses. 
3 Standard deviation. 
4Supplements contained monensin and urea; provided minerals and vitamins to meet or 
exceed NRC requirements. 
5 For chromium propionate inclusion (Table 2-2). 
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Table 2-5. Effects of chromium propionate supplementation on cumulative 
cattle performance in Exp 1.  
 Chromium1  
Item CON Sd   CrP Sd 
 
Initial BW d 1, kg 662 20.4 660 15.9  
      
Challenge BW d 84, kg 782 37.0 785 21.0  
      
Cumulative      
ADG, kg 1.43 - 1.49 -  
DMI, kg 11.35 - 11.36 -  
G:F 0.126 - 0.131 -  
F/G 7.99 - 7.61 -  
      
1 No added chromium “CON”; added 400 ppb Cr as chromium propionate “CrP”. 
2 Challenge BW is also Final BW used for cumulative steer performance.  
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Table 2-6. Effects of chromium propionate supplementation on cumulative 
cattle performance in Exp 2. 
Chromium1 
 
Item   CON CrP SEM2 P =3 
Challenge BW, kg4 626 624 7.4 -- 
     
Shrunk Basis5      
Initial BW, kg 464 467 0.9 0.07 
Final BW, kg6 606 614 5.7 -- 
           ADG, kg 1.53 1.58 0.054 -- 
DMI, kg 10.17 10.35 0.083 -- 
G:F 0.150 0.152 0.0041 -- 
F/G 6.65 6.59 0.177 -- 
     
Carcass Adjusted Basis7    
Final BW, kg 616 615 7.5 -- 
ADG, kg 1.63 1.59 0.074 -- 
G:F 0.159 0.154 0.0061 -- 
F/G 6.27 6.51 0.243 -- 
     
1 No added chromium “CON”; added 400 ppb Cr as chromium propionate “CrP”. 
2 SE of treatment means (n=3 pens/diet mean). 
3 Probability; P >0.20 not indicated. 
4 Challenge BW is d 86 BW with no shrink applied, this BW was obtained on a 
subsample of steers prior to insulin challenges. 
5 3% shrink applied. 
6 Final BW after 93 d on feed. 
7 Calculated Final BW= (HCW/0.625). 
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Table 2-7. Effects of chromium propionate supplementation on carcass 
characteristics in Exp 2. 
Chromium1 
 
Item   CON CrP SEM2 P =3 
Dress, % 63.45        62.66 0.266 -- 
HCW, kg4 385      384 4.5 -- 
REA, cm2 82.64        81.23 1.354 -- 
Ribfat, cm 1.30 1.22 0.071 -- 
KPH, % 1.91 1.88 0.029 -- 
Marbling5 484 439 16.3 -- 
     
EBF, %6 33.49 32.78 0.399 -- 
     
1 No added chromium “CON”; added 400 ppb Cr as chromium propionate “CrP”. 
2 SE of treatment means (n=3 pens/diet mean). 
3 Probability; P >0.20 not indicated. 
4 HCW as % of shrunk BW. 
5 400=slight0, 500=small0. 
6 Prediction equation estimate (Guiroy et al., 2001). 
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Figure 2-1. Exp 1. The effect of chromium propionate supplementation on plasma 
glucose following an i.v. insulin challenge in old steers. Blood samples were collected at 
(-30, 120, 195, 255, and 315 min) relative to their morning feed delivery.  
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Table 2-8. Effects of chromium propionate supplementation on plasma glucose 
levels in Exp 2. 
 Plasma glucose concentrations, mg/dL  
Time CON/SHAM CON/INS CrP/SHAM CrP/INS SEM1 
      
t -30 
2 83.52 84.44 83.42 92.83 2.695 
      
t 120 
3 75.78 76.27 77.86 85.57 2.695 
      
Difference4 7.74 8.17 5.56 7.26 2.774 
      
1 SE of means (n=6 steers/mean). 
2 Immediately prior to access to feed. 
3 120 min after proving access to feed.  
4 Difference=((t -30 GLS)-(t 120 GLS)) 
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Figure 2-2. Exp 2. The effect of chromium propionate supplementation on changes in 
plasma glucose following an i.v. infusion of SHAM or INS in young steers. * SHAM vs 
INS (P <0.05) 
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Figure 2-3. Exp 1. The effect of chromium propionate supplementation on plasma insulin 
following an i.v. insulin challenge in old steers. Blood samples were collected at (-30, 
120, 195, 255, and 315 min) relative to their morning feed delivery. a,b Post-infusion 
means between times without a common superscript differ (P <0.05). 
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Figure 2-4. Exp 2. The effect of chromium propionate supplementation on plasma insulin 
following an i.v. infusion of SHAM or INS in young steers. Blood samples were 
collected at (-30, 120, 195, 255, and 315 min) relative to their morning feed delivery. 
Diet x insulin interaction (P =0.10); a,b Post-infusion means within sampling time without 
a common superscript differ (P <0.05). 
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Figure 2-5. Exp 1. The effect of chromium propionate supplementation on plasma urea 
nitrogen following an i.v. insulin challenge in old steers. Blood samples were collected at 
(-30, 120, 195, 255, and 315 min) relative to their morning feed delivery. * Post-infusion 
means between diets differ (P <0.05). 
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Figure 2-6. Exp 2. The effect of chromium propionate supplementation on plasma urea 
nitrogen following an i.v. infusion of SHAM or INS in young steers. Blood samples were 
collected at (-30, 120, 195, 255, and 315 min) relative to their morning feed delivery. 
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CHAPTER THREE 
EVALUATION OF CHROMIUM PROPIONATE SUPPLEMENTATION ON 
ENERGY STATUS IN NEWLY WEANED STEER CALVES 
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INTRODUCTION 
The trace mineral chromium is recognized for its potential to aid in cellular 
uptake of glucose as well as amino acids in insulin sensitive tissues of non-ruminants. 
Chromium enhances the insulin receptor so that it more favorably binds insulin which in 
turn promotes nutrient uptake by the cell. The transition from suckling calf on the prairie 
to feeder calf in the feedlot is stressful. Transportation of beef cattle results in significant 
periods of feed and water deprivation, resulting in many days of sub-maintenance intake 
(Loerch and Fluharty, 1999). Newly arrived feeder calves are often subject to a variety of 
other stressors such as weaning, comingling with other groups of cattle and unfamiliar 
feed sources during the immediate days pre- and post-arrival at the feedlot (Loerch and 
Fluharty, 1999). Stressful situations result in tissue depletion and urinary excretion of Cr 
in man (Borel et al., 1984; Anderson et al., 1988). Under these conditions the 
reestablishment of Cr status achieved through Cr supplementation could potentially result 
in improved nutrient uptake and may allow calves to be less dependent upon catabolism 
of body fat to maintain a positive energy balance. The objective of this research was to 
evaluate Cr supplementation on indicators of lipid metabolism and energy status in newly 
weaned steers during the feedlot receiving phase. 
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MATERIALS AND METHODS 
This experiment was conducted at the Ruminant Nutrition Center (RNC) during 
November – December, 2014. All experimental procedures used in this study were 
approved by the South Dakota State University Institutional Care and Use Committee. 
Treatments and Diets 
Dietary treatments tested were: 0 ppb added Cr (CON); or 400 ppb added Cr 
(CrP) as chromium propionate (KemTRACE 0.4% Chromium Propionate). The basal 
diet, 12% CP and 1.06 Mcal/kg NEG, included 45 % roughage (grass hay and sorghum 
silage), dry rolled corn and dried distillers grains plus solubles (Table 3-1). For Cr 
inclusion, chromium propionate was added to a pelleted supplement (Table 3-2). 
Supplements were fortified with vitamins and minerals to meet or exceed NRC 
requirements (NRC, 1996) for receiving steer calves and to provide 25 g/T monensin in 
the complete diet (Table 3-2). Diets were mixed with a reel type mixer. Individual feed 
ingredients were sampled weekly and analyzed for DM (AOAC, 1990), CP (AOAC, 
1984), NDF and ADF(Goering and Van Soest, 1970), and ash (AOAC, 1990) throughout 
the feeding period of each experiment. Actual diet compositions were calculated based 
upon actual feed ingredient inclusion rates and assayed values for each ingredient. Steers 
were fed twice daily (50/50), offering ad libitum access to feed, with feed deliveries 
managed using slick bunk management.  
Cattle 
Single source, Angus steers (n=28; BW=289 ± 12 kg) were weaned and shipped 
579 km to the Ruminant Nutrition Center (RNC) on October 29, 2014 for use in this 
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study. Upon arrival to the RNC, all steers were provided long stem hay and unlimited 
access to water. On the following morning October 30, 2014, calves were individually 
identified, vaccinated (Bovishield Gold 5 and Ultrabac 7, Zoetis Animal Health, 
Kalamazoo, MI), weighed, treated for parasites (Cydectin, Boehringer Ingelheim, St. 
Joseph, MO) and again received long stemmed grass hay. Processing BW for steers 
indicated a 2% shrink (1-(processing BW/pay weight)) due to weaning and transportation. 
During the 3 d period between processing and initiating test diets, all steers were 
maintained in pens and introduced to the CON diet using standard RNC procedures for 
receiving calves.  
Using the processing BW, steers were allotted to one of four 7.6 m x 7.6 m pens 
(2 pens/diet; 7 steers/pen) at 4 d post-arrival to the RNC and test diets were initiated. No 
anabolic implant was used in this study. Subsequent BW measurements were obtained at 
1400 h, to accommodate a post-prandial timing for blood sampling. This was 4 h after 
initial access to feed, and immediately prior to the afternoon feed delivery. Weights and 
blood sampling occurred on d 5, 12, 19, and 33 following treatment initiation.  
Blood Collection 
Whole blood samples were collected from all steers via jugular venipuncture 
using an 18-gauge needle and 10 mL K3EDTA evacuated tubes during the weighing 
process. Samples were centrifuged at 2,000 x g for 20 min at 4°C for plasma recovery. 
Plasma was aliquoted (n=5) and stored in 12 x 75 mm borosilicate glass tubes at -20°C 
until subsequent analysis. 
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Plasma analyses  
Plasma glucose (GLS) concentrations were determined via a glucose oxidase 
procedure (Trinder, 1969) utilizing a commercial reagent (Liquid Glucose Oxidase 
Reagent Set; Pointe Scientific, Canton, MI). The standard curve constructed for the GLS 
assay was 0 to 125 mg/dL. The sensitivity of this assay was 1 mg/dL.  All samples were 
measured in triplicate using 10 µL of plasma; and allowing 5% variation between high 
and low replicate determinations. 
Plasma insulin concentrations were determined via RIA using a commercially 
available Porcine Insulin RIA kit (Cat # PI-12K; Millipore, Inc., St. Charles, MO). 
Bovine insulin (Sigma I5500; Sigma-Aldrich Inc.) was used as the standard. The total 
binding was 60 %. The detectable range for the insulin assay was from 3.125 to 200 
µU∙mL-1. The sensitivity for the insulin RIA was 1.611 µU∙mL-1. All samples were 
measured in duplicate using 100 µL aliquots of plasma; Intrassay CV for the insulin 
assay was 5.94% and interassay CV was 8.13%. 
Plasma urea nitrogen (PUN) concentrations were determined by a method 
originally described by Fawcett and Scott (1960) using sodium phenate and sodium 
hypochlorite. The standard curve constructed for the PUN assay was 0 to 20 mg/dL. All 
samples were measured in triplicate using 20 µL of plasma; and allowing 5% variation 
between high and low replicate determinations. 
Plasma non-esterified fatty acids (NEFA) concentrations were determined via 
acyl-CoA synthetase, acyl-CoA oxidase, and peroxidase using a commercially available 
kit (NEFA HR (2); Wako diagnostics, Richmond, VA) in 96-well microtiter plates. All 
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samples were run in triplicate using 5 µL of plasma; and allowing 5% variation between 
high and low replicate determinations. 
Statistical analysis 
Diet and time effects on plasma variables were analyzed using the PROC MIXED 
procedure of SAS (SAS Inst. Inc., Cary, NC) specific for repeated measures, with the 
main effects of diet, day and diet x day. The repeated statement included individual steer. 
The covariant structure used was compound symmetry (Littell et al., 1998). Individual 
steer served as the experimental unit for testing plasma variables. This study was not 
designed to test animal performance responses to treatment. However, animal 
performance was noted and analyzed to provide context to blood variables responses. 
Statistical parameters for steer performance were generated using the PROC GLM model 
of SAS (SAS Inst. Inc., Cary, NC) as appropriate for a RCB design with main effects of 
diet: (CON or CrP) and block pen (n=2). Pen was the experimental unit for steer 
performance data. 
RESULTS AND DISCUSSION 
Steer Performance 
At 3 d post-arrival to the RNC, DMI were at maintenance (Figure 3-1). Weather 
conditions throughout this receiving study were unremarkable and intakes were good. 
One steer from CON was diagnosed with pink-eye on d 5, was treated and returned to his 
home pen. There were no indications of BRD among these steers and no other apparent 
indications of health problems. 
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On d 9, the sorghum silage source was switched for the remainder of the 
experiment. There was a difference in the moisture content of the new silage source. The 
diet compositions presented in (Table 3-1) reflect the impact of this change on true diet 
formulations.  
There were no differences (P >0.20, Table 3-3) for ADG (1.63 ± 0.03 kg), DMI 
(7.22 ± 0.12 kg), or G:F (0.226 ± 0.01 kg) between diets in this 33 d study.  
Plasma constituents 
There were no diet x day interactions (P >0.20) for plasma GLS, insulin or PUN. 
Plasma GLS concentrations were similar between diets (P >0.20: Figure 3-2) and over 
time. When supplementing Cr as chromium propionate to non-stressed growing heifers 
Spears et al. (2012) reported no differences in serum GLS concentrations at 2 h post-
prandial on d 21 and 42. Bernhard et al. (2012a) detected no differences for serum GLS 
concentrations in non-stressed growing steers supplemented with Cr as chromium 
propionate at 1 h post-prandial on d 56.  
Plasma insulin levels were similar (P >0.20) between diets (Figure 3-3). This is 
consistent with Spears et al. (2012) who fed supplemental Cr as chromium propionate to 
non-stressed growing heifers. There were no differences in serum insulin concentrations 
at 2 h post-feeding on d 21 and 42 relative to Controls (Spears et al., 2012). Bernhard et 
al. (2012a) indicated that serum insulin levels were not different for chromium propionate 
supplemented steers at 1 h post-prandial on d 56 post-arrival. In the present study plasma 
insulin levels peaked (P <0.01, Figure 3-3) at 12 d post-treatment initiation for both CON 
and CrP steers. This is likely due to increased DMI relative to maintenance intake. By d 
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12 post-treatment initiation cattle had transitioned from a catabolic state where they were 
consuming 0.82 × maintenance (d -3), to 1.56 × maintenance (d 5) and subsequently 2.42 
× maintenance by d 12 (Figure 3-1). Elevated plasma insulin concentrations could 
potentially be caused by increased flow of blood metabolites as cattle were reaching their 
maximum voluntary intake. This relative to metabolite demands for growth, could 
potentially trigger endogenous insulin secretions. 
Plasma urea-N concentrations were maintained in a narrow range over time and 
were similar (P >0.20) between diets (Figure 4). The ratio of dietary TDN and DIP was 
constant between diets, DMI were equal, and there is no expectation that Cr would 
impact the microbial efficiency of nitrogen fixation. Orr et al. (1988) reported that 
increased PUN in steers could potentially be attributed to bovine rhinotracheitis virus 
infection and the subsequent catabolism of body protein in response to stress. 
Montgomery et al. (2009) demonstrated that PUN concentrations were greater for heifers 
treated for apparent BRD then those not treated at least once. This aspect of disease 
influence on PUN could not be evaluated in the present study because of the lack of 
apparent respiratory issues noted, regardless of diet. 
 There tended (P =0.12) to be a diet x day interaction for plasma NEFA 
concentrations. Plasma NEFA levels were similar (P >0.20) between treatments on d 5, 
19 and 33 but were higher (P <0.05) at 12 d for CrP steers (Figure 3-5). This shift in 
circulating NEFA concentrations on d 12 coincided with a spike in plasma insulin 
concentrations. Both these events occurred at the time that NEG intake was approaching 
the acclimated plateau and neither event impacted glucose status. The concentration of 
hormone sensitive lipase (HSL) relative to NEG intake may potentially have been a better 
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indicator of body fat catabolism and energy status than GLS and/or insulin in newly 
weaned calves. The catabolism of body fat is enhanced by HSL activity and results in 
elevated NEFA concentrations. It would be useful to know the relationship of HSL and 
NEFA under these experimental conditions. 
Spears et al. (2012) indicated that supplementing Cr as chromium propionate to 
non-stressed growing heifers, resulted in no differences in serum NEFA concentrations at 
2 h post-feeding after feeding Cr for 21 and 42 d. In newly received steers supplemented 
with Cr as chromium propionate, Bernhard et al. (2012a) reported that serum NEFA 
concentrations were lower for Cr supplemented steers at 1 h post-feeding after 56 d on 
test. Gentry et al. (1999) demonstrated that non-stressed, Cr supplemented wethers had 
lower post-prandial NEFA concentrations when compared to Controls. In acclimated 
ruminants, one of the more consistent findings in research is that Cr supplementation 
produces lower post-prandial circulating NEFA concentrations. Stress, weight loss as 
shrink and the process of acclimation to feed may alter the influence of Cr on lipid 
oxidation. 
IMPLICATIONS  
We saw minimal differences in regards to plasma indicators of lipid metabolism 
in this study. These were healthy calves, and there were no apparent cases of BRD. In the 
present study, being weaned and shipped 579 km may not have been a sufficient stressor 
to severely impact Cr status. Overall the DMI was at 1.11 × maintenance by 3 d post-
arrival to the feedlot. All blood metabolite variables were within the physiological ranges 
expected of this class of cattle. It is unclear why CrP steers had elevated NEFA 
concentrations that coincided with a spike in insulin for both CON and CrP diets on d 12. 
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This event occurred as cattle were approaching maximum voluntary intake and did not 
impact glucose status. In non-ruminants elevated insulin concentrations decrease 
circulating NEFA levels. Ruminants may differ from non-ruminants in the regulation and 
maintenance of glucose status and body fat catabolism during the post-absorptive state. 
The lack of continuity seen in studies supplementing Cr to growing ruminants may be 
due to differences in the degree of stress, the potential for lean tissue accretion, the 
supply and demand of metabolites needed for growth, and finally the energy density of 
the diet and sampling window relative to the inflection point on maximum voluntary 
intake. 
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Table 3-1. Diet formulations and compositions in receiving steers (Exp 3.).1,2 
               Basal Diet 
Item  %  Sd         %  Sd 
1 to 8d       
Sorghum Silage 33.77 1.01 DM 55.6 0.47 
Grass Hay 14.21 0.63 CP 12.2 0.05 
Dry Rolled Corn 30.54 0.19 NDF 31.9 0.10 
Dried Distillers 8.38 0.08 ADF 19.2 0.43 
Basal Supplement 3 11.31 0.09 Ash 7.3 0.03 
Treatment Supplement4  1.79 0.01    
   Monensin, g/T 23  
   NEG, Mcal/kg
5        1.07  
      
9 to 33d       
Sorghum Silage 29.24 0.82 DM 63.7 0.90 
Grass Hay 14.95 0.19 CP 12.8 0.20 
Dry Rolled Corn 32.78 0.51 NDF 28.4 0.78 
Dried Distillers 9.01 0.12 ADF 16.0 1.16 
Basal Supplement 3 12.09 0.18 Ash 8.1 0.22 
Treatment Supplement4  1.93 0.03    
   Monensin, g/T      25  
   NEG, Mcal/kg
5 1.10  
      
1 All values except DM on DM basis. 
2 Based on weekly ingredient analyses. 
3 Supplement contained monensin and provided minerals and vitamins to meet or 
exceed NRC requirements. 
4 Pelleted supplement for chromium inclusion (Table 3-2). 
5 Based upon tabular NEG values for each ingredient. 
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Table 3-2. Formulas for supplement batches in newly 
received steers (Exp 3.).1 
Ingredient Basal Supplement, kg 
  
Ground corn 479.3 
Soybean Meal 334.7 
Limestone 67.6 
Trace mineralized salt 23.6 
Microingredients2 1.8 
  
 Treatment Supplement, kg 
 CON CrP 
Wheat middlings 453.5 453.5 
Ground corn 453.5 449.4 
Chromium propionate3 - 4.1 
1 As is basis. 
2 Contained Rumensin 90: 185 g, vitamins A & E, zinc 
hydroxychloride and tri-basic copper chloride. 
3 KemTRACE 0.4% Chromium Propionate. 
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Table 3-3. Effects of chromium propionate supplementation on receiving cattle 
performance (Exp 3.). 
    Chromium1    
    
Item   CON CrP SEM2 P =3 
Processing BW, kg4 288 290 0.2 0.07 
d 5  BW, kg5 297 300 0.8 0.20 
Processing to 5d     
 ADG, kg 0.98 1.13 0.072 -- 
 DMI, kg 4.43 4.43 - -- 
 G:F 0.221 0.255 0.0161 -- 
 F/G 4.53 4.00 0.194 -- 
     
d 12 BW, kg 319 320 2.7 -- 
6 to 12d     
 ADG, kg 3.21 2.88 0.275 -- 
 DMI, kg 6.37 6.37 - -- 
 G:F 0.504 0.452 0.0432 -- 
 F/G 2.01 2.21 0.175 -- 
     
d 19 BW, kg 334 334 0.3 -- 
13 to 19d     
 ADG, kg 2.17 2.01 0.344 -- 
 DMI, kg 8.26 8.32 0.109 -- 
 G:F 0.263 0.241 0.0381 -- 
 F/G 3.80 4.16 0.592 -- 
     
d 33 BW, kg 350 348 1.0 -- 
20 to 33d     
 ADG, kg 1.10 1.00 0.046 -- 
 DMI, kg 8.23 7.97 0.154 -- 
 G:F 0.134 0.125 0.0080 -- 
 F/G 7.55 7.94 0.427 -- 
1 DM basis: no added chromium “CON”; added 400 ppb Cr as chromium propionate 
“CrP”. 
2 SE of treatment means (n=2 pens/diet mean). 
3 Probability; P >0.20 not indicated. 
4 Processing BW was recorded at 0700h 4 d prior to treatment initiation, all cattle 
were maintained on basal diet prior to treatment initiation. 
5 All subsequent BW d 5, 12, 19 and 33 were recorded at 1400h, ~4 h after access to 
their morning feed delivery. 
 
53 
 
 
Figure 3-1. Daily dry matter intakes as kg and g/BW0.75 throughout the 33 d receiving 
study (Exp 3.). 
 
 
 
 
 
 
 
 
 
30
55
80
105
130
0.00
2.00
4.00
6.00
8.00
10.00
-5 0 5 10 15 20 25 30 35
D
M
I,
 g
/B
W
0.
75
D
M
I,
 k
g
Day relative to treatment initiation
DMI DMI, g/kg MBS
54 
 
 
Figure 3-2. The effect of days of adaption and chromium propionate supplementation on 
plasma glucose concentrations (Exp 3.).  
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Figure 3-3. The effect of days of adaption and chromium propionate supplementation on 
plasma insulin concentrations (Exp 3.). a,b means between days without a common 
superscript differ (P <0.05) 
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Figure 3-4. The effect of days of adaption and chromium propionate supplementation on 
plasma urea nitrogen concentrations (Exp 3.).  
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Figure 3-5. The effect of days of adaption and chromium propionate supplementation on 
plasma NEFA concentrations (Exp 3.). Treatment x day interaction (P =0.12),  
*Treatment means differ (P <0.05) on d 12. 
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